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Objective: This study was undertaken to determine hemodynamic and clinical outcomes of annuloplasty with
a standard-sized (63 mm) posterior band in adult patients undergoing mitral valve repair for degenerative valve
disease.
Methods: We studied 511 patients who underwent isolated mitral valve repair for degenerative disease with
a 63-mm posterior band used for annuloplasty. Operations were performed between 1994 and 2001, and average
follow-up was 4.8  3.1 years. Echocardiographic data were reviewed, with specific focus on the relationship
between patient size and residual mitral regurgitation and gradient.
Results: Mean age at the time of operation was 59.3  13.5 years, and 72% were male. Body mass index was
25.8  4.1 kg/m2, and body surface area was 1.97  0.24 m2. Preoperative mean ejection fraction was 64% 
7%, and 96% of patients had severe mitral regurgitation on preoperative echocardiography. The 30-day mortality
was 0.8%. At hospital discharge, the mean gradient was 4.7  3.1 mm Hg. Body surface area, body mass index,
and weight were not associated with postoperative gradients or residual regurgitation at discharge. At last follow-
up, 89% of patients had no or mild regurgitation, and the mean ejection fraction was 58%  9%. At 5 years,
survival was 95% and cumulative risk of reoperation was 3%.
Conclusion: A standard-sized (unmeasured) posterior annuloplasty band provided excellent intermediate results
with good durability. There were neither excess gradients in larger patients nor excess regurgitation in smaller
patients. Measured annuloplasty is unnecessary for most adults undergoing mitral valve repair.There are many different techniques for mitral valve (MV)
annuloplasty. Complete, rigid rings are advocated by some
surgeons to remodel the annulus. Others suggest partial,
flexible rings, and newer products available include 3-
dimensional MV annuloplasty devices. Most manufacturers
recommend sizing, but sizing techniques vary widely.
AtMayoClinic, we generally use a standard-sized (63mm)
flexible annuloplasty band in adult patients, regardless of MV
annular dimensions or individual patient size. The technique
simplifies valve repair and may lessen ischemic and operative
times. Potential disadvantages, however, include the possibil-
ity of inadequate annular reduction in small patients, leading
to residual mitral regurgitation (MR), and the potential for ex-
cessive annular reduction in large patients, producing some
degree of MV stenosis. Our objective in this investigation
was to determine hemodynamic and clinical outcomes of an-
nuloplasty with a standard-sized (63 mm) posterior band and
to relate outcomes to patient size.
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Patients
After obtaining institutional review board approval, we studied pa-
tients who underwent MV repair between 1994 and 2001 with a 63-
mm posterior flexible annuloplasty band (Figure 1). We excluded pa-
tients with previous or concomitant procedures, including coronary artery
bypass grafting, maze procedures, and other valvular repairs or replace-
ments. In addition, patients were excluded if MV repair was for active or
chronic endocarditis or for rheumatic or ischemic heart disease. This re-
sulted in a study group of 511 patients who underwent isolated MV repair
for degenerative MV disease with a 63-mm posterior flexible posterior
annuloplasty band. Etiologies included myxomatous MV disease and
leaflet prolapse from fibroelastic deficiency. All patients were contacted
through survey or by telephone, and the average follow-up was 4.7 
3.1 years. Echocardiographic data were reviewed, with specific focus
on the relationship between patient size and predischarge residual MR
and MV gradients.
Surgical Approach
All repairs were approached through either a median sternotomy or
a right thoracotomy. Patients were placed on cardiopulmonary bypass at
normothermia or mild hypothermia, and aortic cannulation and a single
(2-stage) venous cannula was used in most patients. MV repair techniques
included (isolated or combination) posterior leaflet resection (mainly trian-
gular) in 361 patients (71%), artificial chordal insertion in 92 (18%), leaf-
let plication in 86 (17%), and edge-to-edge repair in 10 (2%).
Annuloplasty alone was performed in 62 patients (12%) (Table 1). All pa-
tients received a standard unmeasured annuloplasty band featuring a flexi-
ble 63-mm partial ring sutured to the posterior annulus from trigone to
trigone (Figure 2). Most often, 7 to 9 mattress sutures of 2-0 pledgeted
polyethylene terephthalate sutures (Ethibond; Ethicon, Inc, Somerville,
NJ) were used.gery c October 2009
Brown et al Acquired Cardiovascular Disease
A
C
DAbbreviations and Acronyms
BMI ¼ body mass index
BSA ¼ body surface area
EF ¼ ejection fraction
HR ¼ hazard ratio
MR ¼ mitral regurgitation
MV ¼ mitral valve
SAM ¼ systolic anterior motion
Statistics
All data are reported as mean SD or as proportions and percentages as
appropriate. The SAS statistical software package (version 9.1.3; SAS Insti-
tute, Inc, Cary, NC) was used for all analyses. Patient survival and cumula-
tive risk of reoperation on the MV (reoperation on MV, censored at death or
unavailability for follow-up) were calculated with the Kaplan–Meier
method. Linear regression, logistic regression, or Cox proportional hazard
models were created to predict discharge MV gradient, discharge MR, sur-
vival, and reoperation on the MV. Multivariate models were created with
stepwise selection methods.
Patients were divided into terciles according to weight, body surface area
(BSA), and bodymass index (BMI). MV gradient at discharge and degree of
MRwere compared between groups with 1-way analysis of variance or rank
sum tests as appropriate.
RESULTS
Age at the time of operation was 59.3  13.5 years, and
72% of the patients were male. BMI was 25.8  4.1 kg/
m2, and BSA was 1.97  0.24 m2. The smallest patientThe Journal of Thoracic and Chad a BMI of 15.0 kg/m2, and the largest patient had
a BMI of 47.8 kg/m2. The preoperative mean ejection frac-
tion (EF) was 64%  7%, and 96% of patients had severe
MR on preoperative echocardiography (Table 2). All pa-
tients had degenerative MV disease.
The 30-day mortality was 0.8%. Survivals at 1, 5, and 10
years were 98%, 95%, and 86%, respectively (Figure 3).
Independent predictors of overall mortality included a his-
tory of congestive heart failure (hazard ratio [HR] 4.0,
P ¼ .0003), absence of normal sinus rhythm (HR 4.3,
P¼ .0004), and lung disease (HR 3.9, P¼ .0017). Although
weight, BMI, and BSA were associated with overall
survival in a univariate analysis (P< .05), they were not
predictive in a multivariate analysis.
At discharge, 505 echocardiograms (99%) were available
for review. Eighty-six percent of patients had no or trivial
MR, 12% had mild MR, and 2% had moderate MR. Sys-
tolic anterior motion (SAM) of the anterior leaflet of the
MV was present in 4.5% of patients at hospital discharge.
There was no difference in the incidence of SAM between
small, medium, and large patients. Univariate predictors of
mild or greater MR included a larger preoperative cardiotho-
racic ratio (P ¼ .04) and a higher preoperative left ventricu-
lar end-diastolic pressure (P ¼ .048). Patient weight, BMI,
and BSA were not associated with residual MR. All univar-
iate predictors had significant missing values (>25%), and
therefore no multivariate model was fitted for predischarge
MR.Mitral valve repair
1993-2001
N=1083
Isolated primary
mitral valve repair +
63 mm annuloplasty
in degenerative MV
disease
N=511
Concomitant
operations n=410
Previous cardiac
operation n=48
No band or band
size other than
63mm
n=11
Denied research
authorization
n=11
Active
endocarditis n=1
Non-degenerative
MV disease
N=78
Known CAD
N=13
FIGURE 1. Description of patient cohort identified for this study. MV, Mitral valve; CAD, coronary artery disease.ardiovascular Surgery c Volume 138, Number 4 887
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1.4 mm Hg. Univariate predictors of a higher discharge
MV gradient included a smaller cardiothoracic ratio, higher
pulmonary arterial pressures, and a lower preoperative EF.
On multivariate analysis, a smaller cardiothoracic ratio (es-
timate 0.34 per 10%, P ¼ .001) and a lower EF (estimate
0.193 per 10%, P¼ .044) were predictive of higher postop-
erative gradients. There were no associations between MV
gradients on predischarge echocardiograms and patient
weight, BMI, or BSA.
To assess further the impact of patient size on outcome,
the study cohort was divided into terciles according to pre-
operative weight, BSA, and BMI (Figure 4). There were
no differences in either mean MV gradient or degree of
MR at discharge between the smallest patients, the aver-
age-sized patients, and the largest patients. Weight, BSA,
and BMI were also tested as continuous variables and
were not associated with either MV gradients or MR at dis-
charge.
At last follow-up (3.8  2.8 years), 288 echocardiograms
were available for review. Eighty-nine percent of patients
had no or mild MR, and the average EF was 58%  9%.
Some residual leaflet or chordal SAM was present in 3.5%
of patients. Cumulative risks of reoperation on the MV at 1,
5, and 10 years were 1%, 3%, and 4%, respectively (Fig-
ure 5). Univariate predictors of MV reoperation included in-
TABLE 1. Operative details (n ¼ 511)
Cardiopulmonary bypass time (min, mean  SD) 50.5  24.4
Crossclamp time (min, mean  SD) 35.2  15.8
Triangular or quadrangular resection (no.) 361 (71%)
Artificial chordae (no.) 92 (18%)
Leaflet plication (no.) 86 (17%)
Edge to edge (no.) 10 (2%)
Annuloplasty alone (no.) 62 (12%)
Operative (30-d) mortality (no.) 4 (0.8%)888 The Journal of Thoracic and Cardiovascular Surcreasing BMI (HR 1.15, P ¼ .017) and decreasing
preoperative EF (HR 1.1, P ¼ .047). Weight and BSA were
not associated with MV reoperation, and there were not
enough cases of late MV repair to create a multivariate
model.
DISCUSSION
In our study, we examined early and intermediate results
of patients who received a standard-sized annuloplasty band
as part of a primary MV repair for degenerative MV disease.
We found no association between patient size (weight, BMI,
or BSA) and either postrepair MV gradients or postrepair
MR. Our patients who underwent MV repair also had
good survival and low risk of reoperation on the MV. These
data suggest that a measured annuloplasty is unnecessary for
the majority of adult patients undergoing MV repair.
Methods for sizing MV annuloplasty rings or bands vary
from manufacturer to manufacturer and from surgeon to sur-
geon. Techniques typically involve measuring the intertrig-
onal distance, the intercommissural distance, or the area of
the anterior leaflet.1-3 At Mayo Clinic, we use a standard-
sized flexible annuloplasty band that is produced in a
uniform size of 63 mm (length, not diameter).4 Pathologic
studies have shown that the normal MV circumference is ap-
proximately 10 cm, and the ratio of the length of the anterior
(fibrous) portion to the posterior (muscular) annulus is
1:2.5,6 Thus a posterior band of approximately 6 cm should
be sufficient to return the posterior annulus to nearly normal
dimensions. In practice, this length is somewhat smaller than
measured band size after the mattress sutures are secured. In
general, somewhere between 7 and 9 sutures are used to
attach the band and are equally spaced. The annuloplasty
band we use is packaged without sizer or handle, and this
may reduce cost.
By reducing the MV annulus and orifice area, annulo-
plasty increases the zone of coaptation of the anterior andFIGURE 2. Band (63 mm) is sutured to posterior annulus with 7 to 9 pledgeted mattress sutures. By permission of Mayo Foundation for Medical Education
and Research. All rights reserved.gery c October 2009
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leaflet repair and prevents future annular dilatation. Many
studies have highlighted the importance of an annuloplasty
band as part of the MV repair.7-9 Alfieri and colleagues7 re-
ported a freedom from reoperation at 4 years of 89%  4%
in patients undergoing MV repair without annuloplasty,
compared with 97%  1% in patients with annuloplasty.10
Others have found the lack of an annuloplasty band to be an
independent predictor of late reoperation on the MV.8,9
There does appear to be a subset of patients who can have
excellent MV repair results without annuloplasty, but these
patients have yet to be well characterized.11,12
There are many annuloplasty devices available on the
market today, including complete or partial rings, rigid or
flexible rings, and flat or 3-dimensional types.13 Others
have also advocated ‘‘homemade’’ annuloplasty bands com-
posed of various materials, including pericardium, polytetra-
fluoroethylene vascular grafts, and Dacron polyester fabric
grafts.14-17 Despite attempts from manufacturers to demon-
strate the superiority of any one type of annuloplasty device,
TABLE 2. Demographic data (n ¼ 511)
Age (y, mean  SD) 59.3  13.5
Weight (kg, mean  SD) 79.0  16.0
Height (cm, mean  SD) 174.3  9.7
Body mass index (kg/m2, mean  SD) 25.8  4.1
Body surface area (m2, mean  SD) 1.97  0.24
Female sex (no.) 143 (28%)
Smoking (no.) 239 (47%)
Diabetes (no.) 10 (2%)
Hypercholesterolemia (no.) 222 (43%)
Hypertension (no.) 183 (36%)
Pulmonary hypertension (no.) 55 (14%)
Previous cerebrovascular accident (no.) 6 (1%)
Preoperative normal sinus rhythm (no.) 456 (89%)
New York Heart Association functional class III or IV
(no.)
236 (46%)
FIGURE 3. Survival after mitral valve (MV) repair with standard-sized an-
nuloplasty band. Patients with mitral valve repair are compared with age-
and gender-matched population. CI, Confidence interval.The Journal of Thoracic and Cno single product has clear advantages over the others. The
debate continues regarding the use of flexible versus rigid
annuloplasty rings or bands in myxomatous MV disease.18
There have been many published investigations regarding
types of annuloplasty devices, including at least three
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FIGURE 4. Mitral valve (MV) regurgitation (MR, A) and mean (SD)
mitral valve gradients (B) at discharge after mitral valve repair with stan-
dard-sized annuloplasty. After stratification by patient size, there were no
differences among small, medium, and large patients. BSA, Body surface
area; BMI, body mass index.
FIGURE 5. Cumulative risk of mitral valve reoperation. Patients who died
or were unavailable for follow-up were censored in this analysis.ardiovascular Surgery c Volume 138, Number 4 889
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ideal annuloplasty device.19-21
Some surgeons recommend using a complete ring be-
cause of concerns about remodeling the annulus and septal
lateral dimension, as well as late anterior annular dilatation.
These issues may be important with chronic ischemicMR, in
which undersized annuloplasty is frequently required.22,23
Studies have shown, however, that limited isolated annular
dilatation does not cause MR.24,25 In addition, our investiga-
tion demonstrates good durability and freedom from late
reoperation on the MV in patients with a posterior band
annuloplasty, providing evidence that a complete ring is
generally not required in patients with degenerative MV dis-
ease. Indeed, risk of reoperation with this technique, approx-
imately 0.5% per year, is similar to risk of reoperation after
mechanical MV replacement for leaflet prolapse.9 A practi-
cal advantage to posterior band annuloplasty is avoidance of
suture placement in the anterior portion of the annulus,
which can be difficult to expose. We have reoperated on pa-
tients who have undergone repair elsewhere in which sutures
anchoring the anterior portion of a complete ring pulled
through valve tissue, leading to leaflet perforation and MR.
Thedebates about both the types and sizing of annuloplasty
devices have added complexity toMV repair.We believe that
by simplifying this step, surgeons can improve the chances of
a competentMV repair. Although the numbers ofMV repairs
performed in the United States and Canada continue to grow,
only approximately a third of all MV operations are repair
(23.2% in 1990, 32.0% in 1999, P< .0001).26 These statis-
tics include many different MV disease etiologies; neverthe-
less, the repair rate can be improved. The simplified approach
to annuloplasty should facilitate valve repair for surgeons
who have less experience or see few such cases. The unmea-
sured annuloplasty method is also useful in minimally inva-
sive and robotically assisted MV repair, situations in which
accurate measurement of the annulus can be difficult.27
A potential risk of an improperly undersized annulo-
plasty band is SAM and left ventricular outflow tract ob-
struction. In this study, we observed some degree of
SAM in the operating room; our general management strat-
egy has been to treat these patients with intravascular vol-
ume expansion, vasoconstriction, removal of inotropes,
and b-blockade. At hospital discharge, only 4.5% of our
patients had SAM, and this proportion was further reduced
to 3.5% by late follow-up. In a previous study from our
clinic,28 most patients had resolution of SAM with time
as the left ventricle remodeled, and few patients required
early or late reoperation.
Interestingly, the survival of patients in this study was bet-
ter than that of an age- and gender-matched population. This
is likely due to patient selection and improved medical care
in patients who received a MV repair. As well, we tend to
operate early in the course of MR before significant left ven-
tricular dysfunction occurs.890 The Journal of Thoracic and Cardiovascular SurIn our analysis of the uniform annuloplasty band, we
found no difference in either mean MV gradient or degree
of MR at discharge when comparing the smallest patients,
the average-sized patients, and the largest patients. These
findings suggest that measurement for an annuloplasty ring
or band can be eliminated in most cases without fear of
residual stenosis in large patients or residual MR in small
patients. The method also has excellent durability.
LIMITATIONS
In our study, approximately 2% of patients had moderate
or greater MR at hospital discharge. As our knowledge of the
late results of MV repair has grown, patients found to have
moderate or greater MR on intraoperative echocardiography
are undergoing rerepair immediately. In addition, patients
who have moderate to severe MR on postoperative echocar-
diography will be offered rerepair during the same hospital
stay.
Our echocardiographers do not routinely provide sur-
geons with the annular dimensions, because we do not rou-
tinely ‘‘size’’ the annuloplasty band. It is possible that heart
size and annular size may not correlate with BSA in all
cases.29,30 We considered this in our analysis and therefore
included weight as well as BSA and BMI.
In addition, there are probably upper and lower limits to
patient size for which a standard sized annuloplasty band
should be placed. As an example, a ‘‘child-sized’’ patient
would not routinely receive a 63-mm annuloplasty band.
Our study was not designed or powered to determine the
limits of patient size.
CONCLUSIONS
A standard-sized (unmeasured) posterior annuloplasty
band in patients undergoing MV repair provides excellent
long-term results with good durability. In our study, this
method did not result in excess gradients in larger patients
or residual MR in smaller patients. Measured annuloplasty
is unnecessary for most adult patients undergoing repair of
degenerative MV disease.
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